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Children were trained on a visual discrimination by stimulus shaping, stimulus fading,
or trial-and-error. Those who did not acquire the conditional discrimination received a
second, different training. More children initially trained by stimulus shaping acquired
the conditional discrimination than did those initially trained with stimulus fading or
trial-and-error. After a history of fading or trial-and-error training, children were less
likely to acquire the conditional discrimination even after the more successful procedure
of shaping was later used.
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In one of the earliest unequivocal examples
of discrimination learning without errors, Ter-
race (1963a) emphasized the early introduction
of the incorrect or distracting stimulus (S-)
and the progressive alteration of that stimulus
until it became the criterion S- stimulus.
Pigeons were taught to peck in the presence
of a red key (S+) and to withhold pecking in
the presence of a green key (S-) in a succes-
sive discrimination paradigm. During train-
ing, the S- was gradually introduced (faded
in) along the dimensions of duration and in-
tensity. This stimulus-fading technique has
been used subsequently to train visual dis-
crimination in simultaneous discrimination
paradigms involving human subjects. In those
studies, the correct choice (S+) appeared at
the final or criterion intensity from the outset
of training. The distractors (S-) were grad-
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ually faded in until they reached the same in-
tensity as the S+. For example, Moore and
Goldiamond (1964) taught normal preschool
children to match triangles on the basis of
angle rotation, and Sidman and Stoddard
(1966, 1967) taught normal and retarded chil-
dren a circle-ellipse discrimination.

Demonstration of the effectiveness of stim-
ulus fading has been limited to simple dis-
criminations. The procedures do not seem to
facilitate transfer to conditional discrimina-
tions based upon those simple discriminations
(Gollin & Savoy, 1968; Guralnick, 1975). Us-
ing fading, Gollin and Savoy attempted to
train two discriminations separately: (a) to
select a triangle when shown a triangle and
circle with a common single-stripe background
and (b) to select a circle when shown a tri-
angle and circle with a common multiple-
stripe background. Following training, the
two discriminations were randomly inter-
mixed to test for transfer to the conditional
discrimination. When fading did not facili-
tate transfer, Gollin and Savoy noted that the
gradual introduction of S- in fading does
not expose subjects to the final differences
between the stimuli early in the discrimina-
tion-acquisition process. They suggested that
the opportunity to compare the final stimuli
was insufficient for effective transfer to the
conditional discrimination.
Attempts to establish even simple discrimi-

nations using stimulus fading procedures de-
signed to preclude or diminish errors during
training have not always been successful. Kar-

405

1979, 31, 405-420 NUMBER 3 (MAY)



GARY L. SCHILMOELLER et al.

picke and Hearst (1975) reported success with
only 9 of 61 pigeons in an attempt to replicate
Terrace (1963a) systematically. Cheney and
Stein (1974) found that stimulus fading en-
abled kindergarten children to respond with
few errors during training on an oddity task
but did not result in errorless responding on
the final task. Similarly, Koegel and Rincover
(1976) indicated that the superimposition and
subsequent fading of color cues enabled au-
tistic and normal children to respond with no
errors during training of two choice visual dis-
criminations. However, errorless responding
was not maintained when the color cues were
removed. Guralnick (1975) and Cheney and
Stein concluded that the results of their re-
search were consistent with those of Gollin
and Savoy (1968); i.e., subjects' attention was
oriented toward the intensity stimulus dimen-
sions manipulated during fading rather than
dimensions critical to the final discrimination.
Although stimulus fading has not always

established simple discriminations without er-
rors or facilitated transfer, a growing litera-
ture reports that the use of other progressive
stimulus manipulations can result in errorless
or near errorless acquisition of discrimina-
tions by humans. One such procedure, some-
times called stimulus shaping, involves ma-
nipulating the topographical configuration of
visual stimuli.2 Bijou (1968) demonstrated that
progressively changing the topography of dis-
tractors in a left-right discrimination program
resulted in correct responding during training
as well as on the final task. Conversely, Bijou
found that fading only the size of distractors
produced many errors on the final discrimi-
nation. Stimulus shaping has also succeeded
in programs designed to teach the identifica-
tion of a reversed C presented in an array of

2Sidman and Stoddard (1967, p. 3) first used the term
"stimulus shaping" and suggested that the procedure
was analogous to "response shaping." However, the dis-
tinction between stimulus shaping and stimulus fading
was not made explicit by these investigators since they
and others have subsequently used fading and shaping
interchangeably. In a working paper (Etzel & Schil-
moeller, 1977), Etzel suggested a distinction be made
between the two since the application of shaping or
fading appears to be dependent on the differences in
the dimensions of S+ and S- stimuli. A copy of this
review may be obtained from Barbara C. Etzel (Bureau
of Child Research, University of Kansas, Lawrence,
Kansas 66045) by requesting the John T. Stewart Chil-
dren's Center Working Paper #100.

four regular C's (program developed by Mc-
Cleave, reported by Baer, 1970) and in pro-
grams developed to teach the correspondence
between kanji (Japanese characters) and rep-
resentative pictures (Schilmoeller & Etzel,
1977). Similarly,- after using fading to estab-
lish a circle-ellipse (S+-S-) discrimination,
Sidman and Stoddard (1966) used stimulus
shaping to maintain errorless performance
while transferring the S+ value from the cir-
cle to the ellipse. If intensity fading misdirects
subjects' attention, these studies suggest that
perhaps stimulus shaping focuses their atten-
tion on those stimulus dimensions that are
ultimately critical for correct responding on
the final discrimination.

For constructing errorless programs, Schil-
moeller and Etzel (1977) suggested that an
important variable is the manipulation of
stimulus cues that are related to the final, or
criterion, discrimination. For example, in the
programs designed to teach kanji representa-
tions of pictures, the S+ was initially identical
to the sample picture. Over successive trials,
the progressive topographical changes shaped
the pictures into the appropriate kanji. The
shaping changed those elements critical to the
final discrimination. After demonstrating er-
rorless learning, Schilmoeller and Etzel dem-
onstrated that children's attention could be
distracted from the critical elements of the
stimuli by superimposing cues unrelated to
the criterion discrimination upon the stimuli
of the successful shaping program. Addition
of these noncriterion-related cues did not dis-
rupt correct responding during training, but
errors did occur on the criterion discrimina-
tion after the added cues had been faded out.
According to the above logic, the relative

effectiveness of fading or shaping would de-
pend on the nature of the final task. For ex-
ample, to establish a fine discrimination be-
tween two shades of gray, intensity fading
likely would be successful as a progressive
manipulation of a cue critical to the final
task. Conversely, intensity would not be con-
sidered a criterion-related cue in the condi-
tional discrimination used by Gollin and
Savoy (1968) inasmuch as the final task was
a form-background discrimination. Subjects
might attend to the intensity dimension be-
ing faded rather than the form-background
combinations critical to the final discrimi-
nation.
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The present study used topographical shap-
ing to establish, in preschool children, the
two simple discriminations comprising the
conditional discrimination problem of Gollin
and Savoy (1968). The purpose was to com-

pare these stimulus shaping programs with
an intensity-fading program and with trial-
and-error training. The comparison was based
on the number of errors emitted during train-
ing and on the conditional discrimination.
These comparisons replicate the work of Gol-
lin and Savoy and extend their analysis to
another method of progressive stimulus ma-

nipulation-stimulus shaping.

METHOD

Subjects and Setting
Forty normal 4- and 5-yr-old children from

the Edna A. Hill Child Development Labo-
ratory at the University of Kansas served. As
they became available from the various class-
rooms, they were divided into three groups.
Table 1 gives sex, age, and training histories
of the three groups.

Research sessions were conducted in an ap-

proximately 2.4-m by 1.8-m experimental
room near the classrooms. A child-sized table
and two child-sized chairs faced a one-way

mirror between the experimental room and
an observation room. During sessions, the
child sat to the left of the experimenter,
facing the one-way mirror. A notebook con-

taining stimulus materials and two cups used
for the token feedback system were placed on

the table in front of the child. Each group

of children first received training on one of
the three stimulus-training materials (either
shaping, fading, or trial-and-error) and then
a conditional discrimination test.

Stimulus Materials
Figure 1 shows two simple discriminations.

Series I stimuli consisted of an equilateral
triangle (S+), 5.7 cm on a side, and a circle
(S-), 5 cm in diameter. Each form was cen-
tered on a 12.8-cm white card. A single black
line divided each card in half horizontally.
This line extended to within .6 cm of each
side of the card and each side of the form, but
did not intersect the form. The stimuli for
Series II were identical to those of Series I,

except that seven horizontal lines formed a

multiple stripe background, and the S+ and

Criterion Level Trials

S+ S-

Series I

Series II

Fig. 1. Criterion stimuli for Series I and Series II.

S- values were reversed. The distance be-
tween these seven horizontal lines was 1.27 cm
with two exceptions: the distance between the
second and third lines from the top and be-
tween the fifth and sixth lines from the top
was 2.54 cm.
Three sets of training materials were used,

one for stimulus fading, one for stimulus
shaping, and one for trial-and-error (criterion
level) trials. Stimulus fading here means in-
creasing the contrast of the line drawings on
a white background, while stimulus shaping
means manipulation of the topographical
stimulus configuration. A fourth set of ma-
terials, which all training groups received,
was the criterion conditional discrimination,
made up of trials that intermixed Series I
and II as shown in Figure 1.
The stimuli were presented in a three-ring

notebook. The two stimuli for each trial were
placed on a single page, enclosed in clear plas-
tic. When trials for the two simple discrimi-
nations were presented successively within the



GARY L. SCHILMOELLER et al.

Table 1

Descriptive characteristics of subjects, training sequences, and conditional discrimination
performance.a

Training Percentage Training Percentage
Subject Sex CA. 1 correct 2 correct Experimenter

M 4-2
M 5-1
F 4-7
M 5-4
M 5-2
F 4-7
M 5-6
M 5-5
F 4-6
M 4-8
M 4-8
F 4-11
M 4-11
M 5-4
F 4-8
M_ 4-11
X=4-11

Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping
Shaping

2'5%
100%
92%
100%
100%
100%
58%
33%
50%
100%
100%/
100%
100%
92%
92%
100%

Fading 75%

Fading 100%
Fading 25%
Fading 100%

2
1
2
2
2
2
2
2
2
2
2
2
2
2
2

M 5-1
F 5-7
F 4-8
F 4-8
F 4-11
F 5-9
M 5-6
M 5-0
M 5-0
M 4-10
M 4-10
F 4-11
M 4-10
F 4-8
F 5-3
M 4-10
X = 5-0

Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading
Fading

M 4-6 Trial-
&-error

F 5-4 Trial-
&-error

M 4-4 Trial-
&-error

M 4-5 Trial-
&-error

F 4-11 Trial-
&-error

F 4-9 Trial-
&-error

F 4-11 Trial-
&-error

F 4-11 Trial-
&-error

58%
50%
67%
92%
100%
58%
42%
33%
100%
42%
50%
50%
25%
50%
42%
50%

50%

33%

50%

50%

50%

50%

100%

92%

Shaping 33%
Shaping 42%
Shaping 100%

Shaping 75%
Shaping 67%
Shaping 75%

Shaping 42%
Shaping 58%
Shaping 50%
Shaping 25%
Shaping 33%
Shaping 100%
Shaping 42%

Shaping 50%

Shaping 17%

Shaping 42%

Shaping 42%

Shaping 50%

Shaping 33%

X =4-9
"Calculated as a percentage correct on a 12-trial test.
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GROUP I
Si
S2
S3
S4
S5
S6
S7
S8
S9
S10
Sil
S12
S13
S14
S15
S16

GROUP II
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32

GROUP III
S33

S34

S35

S36

S37

S38

S39

S40

2
2
2
1
2

2
2
2
2
2
2
2
2
2

2

2

2

2

2

2

2

2
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Series I
43

10

17

24

11

18

25

5

12

19

26

6

13

20

27

7

14-28

21

28

Fig. 2. Shaping steps for both S+ and S- for Series I.

same session, a divider page separated stimuli
of the two programs.

Stimulus shaping programs. Since the condi-
tional discrimination required subjects to at-
tend to both form and background, we rea-

soned that to be criterion related, the initial
training stimuli should integrate both form
and background into a single stimulus com-

pound. Figure 2 depicts the progressive shap-
ing of stimuli for Series I. On the initial trial,
the S- was a blank white card included to
enhance the probability that the subjects
would respond to the S+ (tree-on-hill). Be-
ginning with Trial 2, the S- appeared as an

apple with a worm. The upper portion of
Figure 2 shows the shaping steps for S- dur-
ing Trials 2 through 13. This shaping oc-

curred while the S+ remained constant as the
tree on the hill. From Trial 14 through Trial
28, the S- remained at the final level. Shap-
ing of the S+ from the tree on a hill to the
triangle with single stripe background oc-

curred during Trials 16 through 28 (lower
half of Figure 2). Both S+ and S- were at
criterion level on Trial 28.

Figure 3 shows the shaping steps for Series
II. Again on the initial trial, the S+ was pre-
sented with only a blank distractor card as

the S-. The S+ remained as the sun in the

clouds during Trials 1 through 15, and the
S- changed from the witch over a broom to
the triangle with multiple stripe background
for Trials 2 through 14 (Figure 3, upper por-
tion). During Trials 16 through 28, the S-
remained at this criterion level while the S+
was shaped from the sun in the clouds to the
circle with multiple stripe background (Fig-
ure 3, lower portion). Both S+ and S- were

at criterion level on Trial 28.
Stimulus fading programs. A second set of

programs, similar to those originally designed
by Gollin and Savoy (1968) to preclude errors,
involved stimulus fading along an intensity or

contrast dimension. For both Series I and Se-
ries II, the fading procedures were identical
(Figure 4). S+ stimuli, black lines on a white
background, appeared at full contrast for all
trials. Contrast was varied for the fading of
S- stimuli by using lead pencils of graduated
degrees of hardness (No. 4 to No. 1), a black-
ink fine-tipped ballpoint pen, and three felt-
tip pens with tips of graduated thickness. The
S- stimulus lines were faded from white to
fully black in two parts. Over the first 10
trials, the geometric form was faded in with
one trial at each contrast level. Starting with
Trial 11, the background lines were faded in,
with two trials at each contrast level, until

1cY
S- TRIALS

8

S+ TRIALS
1-15

9

16

22 23
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Series II
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Fig. 3. Shaping steps for both S+ and S- for Series II.

the background reached full intensity. At each
contrast level, the first trial consisted of the
appropriate background appearing as dashed
lines. On the second trial at the same con-
trast level, the background appeared as solid
lines. The addition of the steps using the
dashed lines at each contrast level was neces-
sary to equate the number of program trials
with those of the stimulus shaping programs.
Sample trials from both Series I and Series II
are shown in Figure 4. Trial 28 in each pro-
gram consisted of both S+ and S- at criterion
level and was identical to Trial 28 of the
shaping programs.

Traditional discrimination training. For
traditional discrimination training (trial-and-
error), both S+ and S- stimuli appeared at
criterion level on all trials. Series I (Figure 1,
upper portion) and Series II (Figure 1, lower
portion) each contained 28 trials.

Procedure
Training sessions used materials from both

Series I and Series II. Gollin (1966) demon-
strated that few 4%- to 5-yr-old children ac-

quired the conditional discrimination (the in-
termixing of trials from both series) without
distributing the training over sessions sepa-
rated by a time interval. Therefore, to en-
hance the probability of successful conditional
discrimination performance, training of Se-
ries I and Series II discriminations (regardless
of the type of training) was distributed over
four sessions. During each session, subjects
received a block of seven trials from Series I
and then seven from Series II. A yellow page
divided the two blocks of trials in the stimu-
lus notebook. Series I trials were presented
first on odd numbered sessions, and Series II
first on even numbered sessions.

Criterion-separated test. Following training
(fifth session), a criterion-separated test was
administered. The test trials consisted of the
final stimuli from Series I and Series II. The
stimuli from each series were presented sepa-
rately in six-trial blocks separated by a yellow
dividing page in the notebook. This test as-
sessed whether the children had mastered the
two simple discriminations before they were
presented with the conditional discrimination
format.
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Sample Stimulus Fading Trials

Series I Series 11
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Fig. 4. Sample fading steps for both Series I and Series II. Each step increased contrast by increasing the dark-
ness of the stimulus lines.
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Criterion-integrated test. In each training
session and on the criterion-separated test, the
children were required to shift from one sim-
ple discrimination to the other only once. For
the conditional discrimination, however, they
would have to shift between Series I and II
a number of times during the session. The
criterion-integrated session was included in
this study to facilitate further the transition
from training to the conditional problem.
The criterion-integrated session contained a
block of three trials from Series 1, a block of
three trials from Series II, and three addi-
tional trials from each Series in a randomly
intermixed sequence (thus, the last six trials
were the same as the conditional format).
Yellow page dividers followed Trials 3 and 6,
and all trials were at criterion level.

Conditional discrimination test. To test for
the conditional discrimination, six criterion
level trials from Series I and II were presented
in random sequence with no dividers between
trials. The correct choice on any trial was the
particular form-background combination re-
inforced during training.
Rules for position of correct choices. In all

training and test sessions, the position of the
correct choice was systematically varied as fol-
lows: (a) The correct choice appeared in left
and right positions equally often each session;
and (b) the correct choice was never in the
same position on more than three consecutive
trials. Never more than two consecutive trials
from either Series I or Series II occurred in
the conditional discrimination test.
Sequence of conditions. The 16 subjects in

Group I initially received stimulus shaping
programs for both Series I and Series II
(Table 1). Stimulus fading was programmed
for a second group of 16 subjects (Group II).
Eight additional subjects (Group 1II) were
trained with trial-and-error procedures. Chil-
dren who did not acquire the conditional
discrimination with two or fewer errors after
their first training history received a second
history. The second history for Group I was
fading, and for Groups II and III, it was shap-
ing.
Two experimenters participated in this

study. One experimenter conducted all ses-
sions for five subjects. All other subjects were
trained and tested by the second experi-
menter. Table 1 shows the sequence of con-
ditions and the experimenter for each subject.

Daily sessions. Sessions were limited to a
maximum of 15 min, and usually only one
session was conducted per day. On 18 occa-
sions, two experimental sessions were con-
ducted in one day, but were separated by an
interval of 15 min or longer. For Subject 5,
the criterion-integrated and conditional dis-
crimination tests were both conducted in one
experimental session, as the child was leaving
preschool before the scheduled end of the
semester.

Experimental sessions followed a consistent
format. The experimenter brought the sub-
ject to the experimental room and asked the
subject to select a toy for which to work.
Then the subject was seated at the table and,
on the first day, was given these instructions:
"Today, I am going to show you some pic-
tures. Whenever you point to the correct
picture, I will put a token from my cup into
your cup. If you get all of my tokens, you
can take your toy home." On subsequent
days, the experimenter said, "Remember, you
need to get all of my tokens in order to earn
your toy."
Each correct choice earned one token. The

number of tokens required to earn a toy was
determined by the training procedure imple-
mented. For the fading and shaping proce-
dures, the subjects were required to perform
at 90% correct levels in each session. For trial-
and-error training, the subjects were given
their toy regardless of the number of tokens
earned for the first session. In subsequent ses-
sions, at least one token more than the num-
ber earned the previous session was required
for a toy. For example, if a subject responded
correctly on 9 of 14 trials in the first session,
the token requirement was set at 10 for the
subsequent session. If a subject did not earn
all the tokens specified for a trial-and-error
session, the token requirement decreased by
one in each succeeding session until the sub-
ject earned them all. Then the incremental
rule was reinstated. Subjects trained with trial-
and-error procedures never were required to
exceed a 90% criterion.
These token criteria were implemented for

all trial-and-error training sessions and for the
criterion-separated and criterion-integrated
test sessions that followed. For the conditional
discrimination test session, all subjects, regard-
less of training history, were instructed to "try
to get all of my tokens today." The toy was

412
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presented noncontingently at the end of the
session.

After the daily token reminder, the experi-
menter opened the notebook containing the
stimulus materials and gave the instructions
which were the same for each trial. "Look at
both of these pictures. Now point to the one
that gets the token." Correct responses were
followed by a token plus verbal praise. A cor-
rection procedure was used after an incorrect
response. The experimenter pointed to the
correct choice and said, "This is the correct
picture. Now you point to the correct pic-
ture." When the child pointed correctly, the
experimenter praised the child, but did not
deliver a token. This correction procedure
was used for all three types of training ses-
sions, for the criterion-separated test, and for
the first six trials of the criterion-integrated
test. Correction was not used for the last six
trials of the criterion-integrated test or for
the conditional discrimination test.

Response Measures and Reliability
The position of the subjects' pointing re-

sponse was recorded, as well as the experi-
menters' token delivery and use of correction.
The experimenter's data recording sheet was
premarked to show the position of the correct
response. An observer recorded independently
from the adjoining observation booth on 198
occasions, including at least 1 session for all
but 2 of the 40 subjects. Reliability was as-
sessed during both training and test sessions.
The observer used the same data sheet as the
experimenter, except that the position of the
correct responses was unmarked.

Reliability was calculated for position of
the subject's response, token delivery, and use
of correction. A percentage agreement was ob-
tained by the formula

Agreements x 100
Agreements + Disagreements

Agreement on position of response was 99.5%;
on token delivery, 99%; and on the use of cor-
rection, 98%.

RESULTS
The data calculations included the percent-

age of correct responding during the three
types of discrimination training as well as
during the three different criterion tests (cri-
terion-separated, criterion-integrated, and the

conditional discrimination). Also calculated
was the percentage of subjects in each group
who met the criterion of two or fewer errors
on the conditional discrimination. The chance
probability of two or fewer errors on a 12-trial
test is less than .019. Individual data for the
conditional discrimination tests are included
in Table 1.

First Training History
Subjects trained with either stimulus shap-

ing (Group I) or stimulus fading (Group II)
performed nearly errorlessly during training,
with mean percentages of correct responding of
96% during shaping and 95% during fading
(Figure 5, top graph). Subjects trained with
the trial-and-error procedure (Group III) had
a mean of 88% during training. Mean correct
responding on the criterion-separated test was
91% after stimulus shaping, 89% after stimu-
lus fading, and 86% after trial-and-error. On
the criterion-integrated test, Group I (stimu-
lus shaping) fell to a mean of 84% whereas
Group II (stimulus fading) and Group III
(trial-and-error) decreased even further to
means of 68% and 69%, respectively. On the
conditional discrimination, Group I (shaping)
remained at -a mean of 84%, and the means
of Groups 1I and III further decreased to 57%
and 59%, respectively. Groups II and III were
then responding just slightly above chance.
The bottom graph of Figure 5 shows that

12 of the 16 subjects (75%) in Group I (stimu-
lus shaping) met the criterion of 2 or fewer
errors on the conditional discrimination. Of
those 12, 9 performed errorlessly on the con-
ditional discrimination and the other 3 had
1 error each. Only 3 of the 16 subjects (19%)
in Group II (stimulus fading) and 2 of 8
(25%) in Group III (trial-and-error) met the
criterion on the conditional discrimination.
Two of the Group II subjects and one from
Group III responded errorlessly. Thus, in
terms of both number of subjects meeting
the criterion of two or fewer errors and the
number of subjects who responded errorlessly,
subjects trained with stimulus shaping were
more successful on the conditional discrimi-
nation than those trained with stimulus fad-
ing or trial-and-error.

Second Training History
Subjects who did not acquire the condi-

tional discrimination after their first training
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First Training History

Correct Responding During
Training and Criterion Tests
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Fig. 5. Top GRAPH: Mean percentage of correct responses during the first training and the three criterion tests
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Second Training H istory
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Fig. 6. ToP GRAPH: Mean percentage of correct responses during the second training and the three criterion
tests (criterion-separated, criterion-integrated, conditional discrimination test). BoTroM GRAPH: Percentage of sub-
jects meeting a criterion of two or fewer errors on the conditional test.
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procedure received a second training history.
Group I (N = 4), previously trained with stim-
ulus shaping, now received stimulus fading.
Group II (N = 13) and Group III (N = 6),
previously trained with fading and trial-and-
error, respectively, now were given stimulus
shaping.
The means of all three groups were above

90% correct during training, and above 80%
correct on the criterion-separated test (Figure
6). On the criterion-integrated test, Group I
decreased to a mean of 79% correct. Groups II
and III had means of 65% and 64%. On the

conditional discrimination, Group I decreased
to 75% correct, and Groups II and III per-
formed at 57% and 39%, respectively.
The decline in percentages of correct re-

sponding on the conditional discrimination
after the second training is reflected in the
number of subjects meeting criterion (Figure
6, bottom graph). For Group I, 2 of the 4
subjects (50%) met criterion, and both per-
formed errorlessly. Only 2 of the 13 subjects
(15%) in Group II met criterion, and these 2
also performed errorlessly. None of the sub-
jects in Group III met criterion. Therefore,

Subjects Meeting Criterion on Conditional Test

1001 After Stimulus Shaping
=Group I

= Group EI
0= Group

Fading -
Shaping

0/6

Trial &Error-
Shaping

After Stimulus

/16
Fad ing-
Only

Fading
Criterion = 2 or Fewer Errors

on 12 Trial Test

a - Subjects Met Criterion
b Number Subjects Trained

* * __ _

Shaping-
Fading

Fig. 7. ToP GRAPH: Percentage of subjects meeting a criterion of two or fewer errors on the conditional test
after stimulus shaping. BOTrOM GRAPH: Percentage of subjects meeting a criterion of two or fewer errors on the
conditional test after stimulus fading.
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after the second training history, a higher
percentage of subjects trained with stimulus
shaping procedures before fading met crite-
rion on the conditional discrimination than
those trained with stimulus shaping after fad-
ing or trial-and-error procedures.

Comparisons within Procedures
The top graph of Figure 7 compares the

number of subjects that met criterion from
each group (either after the first or second
training history) on the conditional discrimi-
nation immediately after stimulus shaping
training. With the stimulus shaping program

alone (first training history), 75% (12 of 16)
of the subjects from Group I acquired the
conditional discrimination, and 9 performed
errorlessly. Only 15% (2 of 13) of the subjects
from Group II met criterion after shaping
when there was an earlier history of stimulus
fading. None of the 6 Group III subjects met
criterion after stimulus shaping when it was

preceded by trial-and-error training. Thus,
the proportion of subjects meeting criterion
after stimulus shaping decreased greatly when
there were prior histories of either stimulus
fading or trial-and-error.
Of the 16 subjects in Group II who were

initially trained (first training history) with
stimulus fading, only 3 (19%) met criterion on

the conditional discrimination (bottom graph
of Figure 7). In contrast, 2 of 4 subjects (50%)
in Group I who were programmed for stimu-
lus fading (second training history) after stim-
ulus shaping met criterion.

Analysis of Errors on the Conditional
Discrimination Test

Errors on the conditional discrimination
test revealed systematic patterns of consistent
form choices by some subjects. That is, when
the background lines were disregarded and
the responses counted as only triangle or circle
responses, many subjects responded almost
exclusively to one form (circle or triangle).
Using a criterion of 10 or more consistent
form choices (chance p < .019), the propor-

tion of subjects who had not met criterion
on the conditional discrimination but who
showed a consistent form bias was calculated.
From Group I, only one subject of the four

(Table 2) who did not meet criterion after
the first history of stimulus shaping showed
a bias for circles (regardless of single or mul-

Table 2
Proportion of subjects who did not meet criterion on
the conditional discrimination, but who showed a con-
sistent form bias.,

Proportion of subjects
Training history Circle Triangle Total

Group I
Shaping (N = 4) .25 .00 .25
Fading (N = 2) .0Gb .00b .00

Group II
Fading (N = 13) .23 .23 .46
Shaping (N = I 1) .00 .09 .09

Group III
Trial & Error (N = 6) .67 .33 1.00
Shaping (N = 6) .67 .16 .83

aConsistent form bias is defined as 10 or more choices
of 1 form on the 12-trial conditional discrimination;
p < .019.
bThough they did not meet the definition of 10 or

more choices of 1 form or the other, 1 subject selected
9 triangles and the other selected 9 circles.

tiple stripes) on the conditional discrimina-
tion. Two other subjects showed a tendency
toward such perseveration.

After Group II's initial stimulus fading pro-
cedures (during the first history), six subjects
(nearly half; N = 13) met the criterion for
form bias on the conditional discrimination.
Of those, three chose circles and three chose
triangles. Only one subject demonstrated the
form bias on the conditional discrimination
after the second history of stimulus shaping.

All subjects in Group III (N = 6) were bi-
ased toward either triangle or circle after trial-
and-error training. Four of the six subjects
perseverated on circles, and two on triangles.
Unlike Groups I and II, this consistent form
bias continued after stimulus-shaping proce-
dures, with five of the six subjects responding
almost exclusively to either the circle or tri-
angle. Thus, perseveration after trial-and-error
training persisted despite later training with
shaping procedures.

DISCUSSION
Training by stimulus shaping was more ef-

fective than either stimulus fading or trial-
and-error for facilitating transfer of correct
responding from two simple discriminations
to a conditional discrimination. Gollin and
Savoy (1968) also found that training by stim-
ulus fading did not facilitate transfer and con-
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cluded that trial-and-error procedures are
more effective in this regard. In contrast, the
present results clearly demonstrated the su-
periority of stimulus shaping over either trial-
and-error or stimulus fading for effecting a
transfer to the conditional discrimination.
Based on these results, Gollin and Savoy's in-
terpretation of the failure of the fading pro-
grams should be reevaluated.
The success of stimulus shaping was most

likely due to (a) the selection for initial trials
of stimuli that were clearly different from one
another and whose shape resembled the stim-
uli involved in the ultimate discrimination,
i.e., criterion-related stimuli (Schilmoeller &
Etzel, 1977); and (b) the progressive topo-
graphical transformation of these criterion-
related stimuli into the actual criterion stim-
uli involved in the ultimate discrimination.
By contrast, the use of the noncriterion-related
intensity cue in Gollin and Savoy's (1968) stim-
ulus fading programs may have led subjects
to continue to attend to the light-dark differ-
ences between the S+ and S- stimuli rather
than to shift their attention to the critical
form-background dimensions. The possibility
for the children to label the initial cues co-
vertly also may have contributed to the success
of the stimulus shaping programs. As the con-
figurations of the stimuli were progressively
changed to their criterion-level form-back-
ground combinations, the children could have
retained such labels (e.g., sun-clouds, witch-
broom). The issue of whether stimulus shap-
ing would be as successful if the initial cues
cannot be easily labeled by children remains
to be resolved.
The fading and shaping programs differed

in that, with the fading programs, only the
S- was manipulated, whereas both the S+
and S- were manipulated in the shaping pro-
grams. It is unlikely, however, that the dif-
ferences are due to the manipulation of one
stimulus versus both stimuli. In the study of
McCleave (Baer, 1970), only the S+ was ma-
nipulated, and in Bijou's (1968) study, only
the S- was manipulated. Yet both obtained
successful discrimination acquisition without
errors. In contrast, Koegel and Rincover (1976)
manipulated both the S+ and S-; yet error-
less performance did not occur at the crite-
rion level. Thus, the selection of cues as well
as the particular manipulation procedures
may be more critical to successful discrimina-

tion acquisition than the manipulation of S+
only, S- only, or both S+ and S-.
The finding that training by trial-and-error

usually did not facilitate transfer to the condi-
tional discrimination contrasts with the suc-
cess of the trial-and-error procedures used by
Gollin (1965, 1966). One explanation may be
that the conditional discrimination used by
Gollin had different stimulus dimensions than
those used in the present study. One form had
no stripes in the background and the other
had many stripes. However, the conditional
discrimination in the present study involved
a more difficult discrimination; the subjects
were required to choose one form in the pres-
ence of a single-stripe background and an-
other in the presence of a multiple-stripe
background.
Another explanation for the failure of the

subjects trained with trial-and-error to acquire
the conditional discrimination in the present
study was suggested by their error patterns.
All subjects who did not meet criterion after
trial-and-error training perseverated on either
the circle or triangle on the conditional test.
In training, the inclusion of yellow divider
pages between the blocks of trials may have
taught these children to choose one of the
forms until a yellow page appeared, and then
to shift to the other form. In the conditional
discrimination sessions, no yellow pages sig-
naled the shift. Thus, these children continued
to choose whatever stimulus was initially
associated with reinforcement. This persev-
eration persisted even after the subjects, ini-
tially trained with trial-and-error, were sub-
sequently trained with stimulus shaping. The
results are consistent with information of the
effects of early histories of errors on subse-
quent discriminations (cf. Sidman & Stod-
dard, 1967; Stoddard & Sidman, 1967; Ter-
race, 1963b; Touchette, 1968). A consistent
history of responding on one discrimination
makes it difficult to shift to a new discrimi-
nation when this interrupts the stimulus pre-
sentations of the previous discriminations. To
avoid this problem, random presentations of
the two different discriminations can be ar-
ranged so that two discriminations are simul-
taneously formed. When this is not possible
or preferable, a gradual change from single-
discrimination presentations to random mul-
tiple-discrimination presentations can be pro-
grammed (Bybel & Etzel, Note 1).
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The error analysis of conditional discrimi-
nation responding also indicated that half the
subjects initially trained with fading had a
perseverative form bias like that of the sub-
jects initially trained with trial-and-error. This
tendency to perseverate suggests that the high
percentages of correct responding during fad-
ing training probably did not result from at-
tention to the stimulus dimensions which
were critical to the conditional discrimina-
tion. Those subjects in this group who did
not show such perseveration may have at-
tended to stimulus intensity during training.
Thus, they would be less likely to notice the
yellow divider pages or the form reversal that
occurred each day. When intensity could no
longer be used as the basis for responding,
they shifted to other strategies which were not
as readily detected as the perseverative form
bias.
Most subjects who did not meet criterion

on the conditional discrimination after initial
training with fading also did not meet crite-
rion after subsequent shaping training. The
response patterns of those still not meeting
criterion indicated that only a few showed
any tendencies toward perseveration. Thus,
for these subjects, the shaping procedure suf-
ficed to disrupt the hypothesis that the dis-
crimination was based on form, but not to
establish the form-background discrimination.
The results of the present research indicate

the conclusions derived from the research of
Gollin and Savoy (1968) should be qualified.
Some errorless procedures are more effective
than trial-and-error procedures for training
conditional discriminations. The superiority
of stimulus shaping over stimulus fading er-
rorless procedures for providing children with
the prerequisites necessary for transferring to
the conditional discrimination implicates a
possible selective attention in errorless learn-
ing. The use of meaningful cues and shaping
on criterion-related stimulus dimensions in
the stimulus shaping procedures support this
selective attention hypothesis.
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